Introduction
Epicardial adipose tissue (EAT) and intra-abdominal fat are both derived from brown adipose tissue during embryonic stage. 1 As a special form of visceral adipose tissue deposited around the heart, EAT can be found in considerable quantities around subepicardial coronary arteries. 2 EAT forms a layer between the pericardium and the myocardium, surrounding the heart with no fascial layer separating this adipose tissue from the coronary artery wall and the surface of myocardium. 3 Epicardial fat and myocardium share a same unobstructed microcirculation, suggesting potential interaction among these tissues. Under physiological conditions, epicardial fat has metabolic, thermogenic (as brown fat), and mechanical (cardio-protective) characteristics. 4 Studies in cadavers showed that coronary atherosclerotic plaque tends to be more noticeable on the arterial side in contact with EAT deposits; the dissected epicardial fat weight is positively correlated to that of the myocardium. 5, 6 Moreover, EAT is considered a rich source of bioactive molecules that can influence coronary arteries directly, 7 and is related to the concurrent presence of both obstructive coronary stenosis and myocardial ischemia.
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Meng et al Non-alcoholic fatty liver disease (NAFLD) has become a worldwide health concern. Approximately 20%-30% of the general population are affected by NAFLD. 9 NAFLD patients are at a higher risk of developing cardiovascular changes earlier in life. 10 A previous study suggest that NAFLD is an independent cardiovascular disease (CVD) risk factor. 11 Several studies have also indicated that CVD is the main cause of death in NAFLD patients. 12, 13 However, the association of NAFLD with CVD may be indirect and due to generalized obesity or ectopic fat, especially EAT. Whether NAFLD could affect visceral adipose tissue outside of the liver has not been studied extensively.
In this study, we aimed to test the relationship between the volume of EAT and NAFLD and cardiovascular risk factors using the diagnosis results of 2,238 people from a northern Chinese community. We confirmed that EAT contributes to the pathogenesis of CVD and is associated with cardiovascular risk factors.
Materials and methods ethics statement
This study was performed in accordance with the ethical guidelines of China's regulations and guidelines on good clinical practice and the declaration of Helsinki; the Ethics Committee of the Jidong Oilfield Hospital approved it. All participants provided written informed consent before the start of the study. "Jidong study" is hosted by Capital Medical University. Beijing Recdata Technology Co., Ltd. is responsible for the field management and operation of the project, which is implemented by Jidong Oilfield Hospital. The aim of this project is to establish the first long-term follow-up sub-health cohort in China to observe and explore the occurrence and development of systemic disease in a community population. Beijing Recdata Technology Co., Ltd is responsible for the collection and analysis of clinical data, and the preservation of biological samples. Our research has obtained permission from Capital Medical University, Beijing Recdata Technology Co., Ltd., and Jidong Oilfield Hospital.
study population
Participants were recruited from the Jidong community in Tangshan, Hebei, China which mainly consisted of employees of Jidong Co. Ltd. Participants who were willing to provide informed consent were included in the study. From July 2013 to August 2014, 9,078 residents aged 20 years or older were invited to participate in this study at the time of their annual physical examination. Among 9,078 participants, 2,928 subjects who were aged 40 years and above, with complete diagnostic history of coronary CT, carotid artery ultrasound, medical history, and abdominal ultrasound were selected. Two hundred and fifty-eight individuals with a history of CVD (including heart failure, myocardial infarction, atrial fibrillation or any other heart disease), cancer, and stroke; 333 subjects with excessive alcohol consumption (10 g/day for women and 20 g/day for men for more than a year); and 99 with positive HbsAg were excluded. A total of 2,238 participants were finally included in the analysis (Figure 1) .
A reliable questionnaire expressly designed for this study was used to collect clinical data from all participants. Demographic information (eg, age, gender, household income, level of education, marital status, smoking status, physical activity, and history of diseases) of all participants was collected. A patient was considered diagnosed with hyperlipidemia based on a history of cholesterol, cholesterol lowering medication, a total cholesterol (TC) level 220 mg/dL, triglycerides 150 mg/dL, or low-density lipoprotein (LDL) 160 mg/dL. Those with a self-reported history, current treatment with insulin, oral hypoglycemic agents or fasting blood glucose (FBG) level 126 mg/dL were categorized as having diabetes mellitus (DM). 24 Hypertension diagnosis was given in the presence of at least one of the following: 1) SBP 140 mmHg or CT imaging and analysis of eaT volume, coronary artery calcium (CaC) score CAC score was defined as at least four contiguous pixels with a CT density of 130 HU (the Agatston method was used). Total Agatston CAC score was calculated as the sum of all coronary arteries, which was separately calculated according to the Agatston method. 25 EAT volume was assessed using the same method. EAT was defined as all adipose tissue enclosed by the visceral pericardium, including all fat directly surrounding the coronary arteries. Contiguous dimensional voxels between the HU limits of -195 to -45 were defined as fat voxels; these limits can be modified by the user if deemed appropriate. 26 
Ultrasonography examinations
Liver ultrasonography was used to diagnose fatty liver, by a high-resolution B-mode topographic ultrasound system with a 3.5 MHz probe (ACUSON X300; Siemens, Munich, Germany). According to Chinese Association for the Study of Liver Disease and the Asia-Pacific Working Party on NAFLD, diagnosis was based on at least two of three abnormal findings: 1) diffusely increased liver near field ultrasound echo; 2) vascular blurring and the gradual attenuation of far field ultrasound echo; 3) liver echo greater than kidney. 27, 28 A sonographer performed carotid intima-media thickness (CIMT) measurements using the same B-mode topographic ultrasound system with a 3.5 MHz probe (ACUSON X300). The operator measured CIMT on the far wall of the right and left common carotid arteries, 1.5 cm proximal to the bifurcation. The greater value of the right and left common CIMT was used for analysis, CIMT 0.8 mm was defined as abnormal. 29, 30 Cardiovascular health metrics assessment According to the American Heart Association guidelines, we defined the seven cardiovascular health metrics in two levels: "poor" =0 score and "ideal" =1 score. 31 The dietary intake metric was classified as ideal (meet the recommended), or poor (did not meet the recommended). The smoking metric was classified as poor (current smoking), or ideal (never-or quit-smoking for 12 months). Physical activity was classified as poor (0-149 min/week of moderate intensity or 0-74 min/week of vigorous intensity), or ideal (150 min/ week of moderate intensity or 75 min/week of vigorous intensity). BMI was classified as poor (25 kg/m 2 ), or ideal (25 kg/m 2 ). Blood pressure was classified as poor (SBP of 120 mmHg or DBP of 80 mmHg), or ideal (SBP of 120 mmHg, DBP of 80 mmHg, and untreated). FBG level was classified as poor (100-125 mg/dL and treated to goal), or ideal (100 mg/dL and untreated). TC status was classified as poor (200 mg/dL or treated to goal), or ideal (200 mg/dL and untreated).
Data analysis
Statistical analysis was performed with SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA). Continuous variables were presented as mean ± SD and compared using ANOVA or Student's t-test. Categorical variables were described as percentages and compared using chi-squared test; ordinal variables were compared using nonparametric test. Multiple logistic regression was used to test the association between presence of NAFLD and EAT volume. All statistical tests were 2-sided with significance level α=0.05. Figure 1 showed the flow chart of the enrolled participants who met the requirements. From July 2013 to August 2014, 9,078 Jidong residents aged 20 years or older were invited to participate in this study at the time of their annual physical examination at the Jidong Oilfield Hospital. Finally, a total of 2,238 participants were included in the analysis. Figure 2 showed that percentage of NAFLD, CIMT 0.8 mm and CAC score 0 all increased with increasing EAT volume. The prevalence of NAFLD in four categories was 28.26%, 51.79%, 64.11%, and 74.06%. The prevalence of CIMT 0.8 mm was 33.27%, 49.82%, 51.61%, and 64.22% in four categories, respectively. The prevalence of CAC score 0 in four categories was 0.71%, 4.82%, 10.18%, and 44.01%. Table 1 showed the baseline characteristics of the study participants, grouped according to quartiles of EAT volume. The mean age of the study participants was 55.6±7.8 years (mean ± SD); 43.88% (982 patients) was within this range. Table 2 showed cardiovascular risk factors of the entire cohort stratified by quartiles of epicardial adipose tissue. Compared to those with lower volume of EAT, subjects with higher volume of EAT tended to have lower ideal cardiovascular health metrics, higher CIMT, and higher CAC scores compared to those with lower prevalence of NAFLD (P0.001). 
Results
Discussion
This population-based, cross-sectional study's main finding was that EAT is independently correlated with NAFLD and CAC score in a community population. Increased EAT volume was strongly correlated with increased NAFLD percentage and many other cardiovascular risk factors, such as CAC score and CIMT and cardiovascular health, in this study. Subjects with higher volume of EAT tended to be older, have a larger waist and hip circumference, higher weight, blood pressure, LDL level, BMI, FBG level, triglycerides, and lower HDL level as well as higher CIMT, lower ideal cardiovascular health metrics, and higher CAC score Furthermore, percentage of DM, hypertension, and hyperlipidemia increased with increasing EAT volume. It is also confirmed that participants with NAFLD have a compared to those with lower prevalence of NAFLD. BMI is associated with both EAT and NAFLD, subjects with higher volume of EAT and NAFLD tended to have a higher BMI. The higher volume of EAT groups had a higher rate of being overweight or obese, and higher rate of NAFLD. Table 3 showed that the OR (95% CI) of EAT affected CIMT and CAC score, in model 4 (adjusted for BMI on Abbreviations: CVh, cardiovascular health; CaC, coronary artery calcium; CiMT, carotid intima-media thickness; naFlD, non-alcoholic fatty liver disease. higher risk of the aggravation of EAT volume. To the best of our knowledge, this study is the first to show the relation between NAFLD and the volume of EAT in a community population. We thus hypothesized that NAFLD contributes to the pathogenesis of CVD via the aggravation of EAT. We addressed the potential connection between the volume of EAT and NAFLD in a community population. Our findings are consistent with previous studies. In the Heinz Nixdorf Recall Study, with 4,093 participants, Mahabadi et al found a significant association of cardiovascular risk factors with EAT volume in univariable and multivariable analyses. 7 In a study involving 100 gender-controlled patients who were 50 years old with biopsy-proven NAFLD, patients with NAFLD tended to have increased arterial stiffness and EAT thickness. 14 The interaction between heart function and liver fat has been proven by studies reporting an association between epicardial fat thickness and NAFLD. 15, 16 Perseghin et al reported that men with newly diagnosed fatty liver despite normal left ventricular (LV) morphological features and systolic and diastolic functions had increased epicardial fat and abnormal LV energy metabolism. 17 In East Asia, a study with 1,473 participants discovered a significant association between increased EAT thickness and coronary artery calcification in Korean adults. 18 The inflammatory state of NAFLD might affect the homeostasis of various organs as demonstrated for systemic atherosclerosis. Some clinical studies showed that ectopic fat depots have an important role in the pathogenesis of NAFLD. 19, 20 EAT accumulation is part of the metabolic disorders re-elevated with the occurrence of fatty liver. High EAT may epitomize the severity of metabolic disorders, as emphasized by its association with liver fibrosis and nonalcoholic steatohepatitis, and may also be involved in the development of target organ damage, especially blood vessels, the heart, and the liver. 21 Some experimental studies have shown the possible inflammatory mediators. An animal study pointed out that the rate of fatty acid liberated by EAT is about twice that of the perirenal depots and pericardial. 32 In humans, a protein 
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eaT is associated with naFlD and cardiovascular risk factors in the general population secreted by adipose tissue is associated with increased cardiovascular risk. 22 Abnormal right ventricle geometry and increased LV mass are associated with increased volume of epicardial fat. 23 In epicardial fat tissue of patients with CVD, a dense inflammatory infiltrate (mainly comprising macrophages) is commonly present. The EAT transcriptome includes B-cell-associated factors, T-cell and macrophage markers, TGF-β2, and multiple chemokine ligands and chemokine receptors. 1 The epicardial inflammatory molecules' secretion increases the arterial wall thickness, and is likely to promote atherogenesis. The atherogenic effects of epicardial fat tissue are caused by its intense proinflammatory activity, and also by its anatomical vicinity to the plaque. 4 
Conclusion
The strengths of this study are its sample size and its population-based design. However, its cross-sectional design limits the strength of the confidence of the correlation. CT is better than competing imaging modalities, which offers great spatial resolution of 0.4-0.6 mm. The present study was unable to isolate NAFLD's direct effect on the development of CVD or cardiovascular events, thus further research is required. The relationship between the volume of EAT and inflammatory station of EAT, and the plasma biomarkers should be researched and we will focus on this in future.
In conclusion, our findings in a general community population provided evidence that the layer of EAT is strongly linked to NAFLD and cardiovascular risk factors. The findings may also imply the possibility of NAFLD contributing to the pathogenesis of CVD via the aggravation of EAT. 
